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ABONBIDENTIAL

OBJECT

To investigate the use of Composition B and cyclotol as the
bursting charge in 60 mm M49A2 HE shell.

SUMMARY

In an attempt to improve the fragmentation efficiency of the
60 mm M49A2 HE shell (which is press-loaded with flake TNT), Pica-
tinny Arsenal began an investigation of the use of cast Composi-
tion B and cyclotol as the bursting charge in this shell.

Panel recovery tests were conducted with nine M49A2 shell,
three loaded with pressed TNT, three with cast Composition B, &4nd three
with cast cyclotol, From the results of these tests lethal areas
at ground burst were calculated:

Angle of Elevation Lethal Area (sq ft) of M49A2 Shell Loaded with

of Mortar INT ’ Composition B Cyclotol
457 186 241 256
65 352 456 488

The investigation was discontinued when production of the
M49A2 shell was terminated,

CONCLUSION
Both Composition B and 75/25 cyclotol produce more effective
fragmentation of the 60 mm M49A2 HE shell than pressed TNT., Cy-

clotol is slightly more effective than Composition B,

RECOMMENDATION

It is recommended that the use of Composition B and 75/25 cy-
clotol in other small fragmentation-type ammunition be investigated.
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INTRODUCTION

1, Press-loaded flake TNT was standardized as the bursting
charge for 60 mm M49A2 HE shell early in World War II. Because it
was then believed that fragmentation in the smaller grain sizes was
undesirable, cast TNT was considered too brisant for this shell,
Recently, however, it has been recognized that more and smaller
fragments of higher velocity provide greater lethality.

§

2, In 1954 Picatinny Arsenal was requested (Ref 1) to improve
the loading of 60 mm M49A2 HE shell as a part of a comprehensive
program to replace TNT with Composition B as the standard loading
for all HE shell which would thereby be improved. An investigation
was therefore started to determine the suitability of cast Compo-
sition B as the bursting charge in the M49A2 shell. Because cy-
clotol had been shown to be superior to Composition B in fragmen-
tation ammunition (Ref 2), the use of cyclotol as the bursting
charge for this shell was also investigated.

3. It was planned to conduct panel recovery, pit fragmenta-
tion, safety, and functioning tests of M49A2 shell loaded with
pressed flake TNT, cast Composition B, and cast cyclotol. Because
production of the M49AZ2 shell had been terminated, however, this in-
vestigation was discontinued (Ref 3) after only the panel recovery
tests had been completed. This report covers the results of these
tests,

'

RESULTS

Lo Nine 60 mm M49A2 HE shell, three loaded with pressed flake
TNT, three with cast Composition B, and three with cast cyclotol,
were subjected to panel recovery tests. The results of these tests
are given in Table 1 and may be summarized as follows:

Bursting Charge
TNT  Comp % Cyclofol

Avg no, of hits per shell 86 156 164

Avg no. of perforating hits per shell 35 59 68

Avg fragment velocity, ft/sec 3830 4700 5080

Avg wt of velocity fragments, grains 11,8 el Bus

Avg no. of fragments larger than 1 grain 67 95 103

Avg wt of fragments larger than 1 grain 12,8 8,7 6.3
2
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5. Lethal areas agalnst prone men at ground burst for mortar
elevations of 45° and 65°, calculated (Ref 4) from the results of
the panel recovery tests, were as follows:

3 ' Bursting Charge

TNT Comp B Cyclotol
Lethal Area at 45° o 54 ft 186 241 256
Lethal Area at 65°, sq ft 352 456 488

DISCUSSION OF RESULTS

6, Both the panel penetration and fragment velocity test
results agree with theoretical considerations. The results of the
panel penetration tests show that both Composition B- and cyclotol-
loaded shell produced nearly twice as many hits as shell press-
loaded with flake TNT. Cyclotol-loaded shell produced 5% more hits
than Composition B-loaded shell. Analysis of the fragment velocity
results reveals that Composition B and cyclotol, respectively, pro-
duced 23 and 33% greater fragment velocity than TNT and showed a
corresponding decrease in the size of the velocity fragments. Al-
though velocities were recorded for-only one TNT-and one Composition B-
loaded shell, the fact that an increase in detonation rate of the
bursting charge causes greater fragment velocities and increases
the number of fragments further substantiates the results obtained,

7. Analysis of the fragment weight distribution data ofs Table 1
shows that shell loaded with either Composition B or cyclotol pro-
duced a larger number of fragments in the 1 to 25-grain size range
than shell loaded with pressed TNT. Cyclotol produced a slightly
larger number of fragments in this size range. No significant dif-
ference is apparent in the number of fragments larger than 25 grains
produced by the different explosives. These results indicate that
cyclotol is slightly more effective as the bursting charge for the
subject shell than Composition B, which, in turn, is considerably
more effective than pressed TNT.

8. The values for the lethal areas presented in paragraph 5 represent
the cumulative effects of spatial distribution of fragments, fragment
velocity, panel penetration, and the number and weight of recovered
fragments., If we assume a terrain limitation at a radius of 14 feet
at ground burst, the following average kill probabilities are ob-
tained by dividing the appropriate lethal area by the area contained
within the terrain limitation.

.
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Kill Probability

Mortar Elevation TNT Composition B Cyclotol
1+5g 030 939 ehz
65 o7 o Th .79

These values indicate the probability that a fatal wound will be in-
flicted on a prone human target within the terrain limitation. It
is also seen that cyclotol is slightly more lethal than Composition B,
which is considerably (about 30%) more lethal than TNT.
®

9, Because production of this shell has ceased and no further
production is planned, further investigation of various explosives
for use in this shell is not warranted. These results show, however,
the improved fragmentation that can be gained by using cyclotol and
Composition B in HE shell. Further studies of these explosives in
other 8mall frarmentation-type ammunition currently loaded with TNT
should therefore be expedited.

EXPERIMENTAL PROCEDURE

Shell Aésemblx

10, Nine 60 mm M49A2 HE shell, Type A, (Fig 1) were loaded
with TNT,: Composition B, and 75/25 cyclotol described below:

L ]

a. Three shell were loaded with about 0.34 1b Grade I
flake TNT (Spec JAN-T-248, 29 September 1955) pressed in two ap-
proximately equal increments, The first increment was pressed in
two approximately equal increments. The first increment was pressed
at 2000 psi with a l.15-inch-diameter flat punch. The second in-
crement was pressed to form the fuze cavity in accordance with Fig-
ure 2 at a pressure not exceeding 5000 psi with a l.15-inch-diameter
forming punch

b, Three shell were loaded with cast Grade A Composition B
(Spec PA-PD-24, Rev 1, 13 August 1953) in one pour at 86°C +1°, A
thread-protecting funnel was used. The shell were filled to within
one inch of the funnel top. The fuze cavity was drilled to the di-
mensions shown in Figure 2 &

g
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c. Three shell were loaded with cast 75/25 cyclotol
(Spec PA-PD-222, Rev 1, 31 July 1953) according to the procedure
outlined in paragraph 10 (b) except that the pouring temperature
was 90°C :}o.

11. Nine M52A2Bl1 fuzes (Fig 3) were modified for static
firing. The head assembly, booster cup with booster pellet, and
booster lead cup with booster lead charge were removed. The body
assembly was then disassembled and the axial hole diameter of the
fuze body was increased by drilling to 0,290" + 0.010" to accomo-
date a Type II special blasting cap. The booster cup with booster
pellet was then reassembled to the fuze body. A modified fuze,
sealed with tape to exclude moisture, was assembled to each loaded
shell,

Panel Recovery Test

12, The assembled shell were detonated in a horizontal position
by a Type II special blasting cap which was inserted into the mod-
ified fuze (Fig 4) just before firing. Fragments were recovered
from 10 celotex boxes arranged in a semicircle 14.8 feet from the
shell firing position. A semicircular fence of l-inch pine panels
9 feet in height and 30 feet from the shell firing position was
used to obtain spatial distribution of fragments and panel perfora-
tion and penetration data. The fragment velocities were obtained by
the use of two Fastaxmotion picture cameras operating at approxi-
mately 12,000 frames per second, Figure 5 shows a plan view of the
panel recovery test-rset-up, Complete details of these tests are
given in Reference 5.

REFERENCES

1., Letter from Office, Chief of Ordnance, to Picatinny Arsenal,
25 January 1954, ORDTA 00/4UQ-3247, ORDBB 471.86/73-3, Subject:
Explosive Loading of Shell, HE, 60 mm, MA49A2

2, L. Jablansky, Evaluation of 70/30 Cyclotol and 75/25 Cyclotol for
Use in HE and HEAT Projectiles, Picatinny Arsenal Technical
Report 1944, 25 August 1953
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TABLE 1

Panel Penetration, Fragment Velocity, and Fragment Weight Distribution Results
of 60 mm MA9A2 HE Shell Loaded with Pressed Flake TNT,
Composition B, and 75/25 Cyclotol

Panel Penetration¥ Fragment Velocity e
Avg Wt Average
Round Explosive Perfora- Penetra- Total % Perf. of of Vel. Velocity
Number Filler tions tions Hits Total Hits Frag (Gr) (ft/sec)
1 Pressed Flake 26 34 60 43 - Lost
TNT
2 Pressed Flake 39 64 103 38 17,8 3,830
TNT
3 Pressed Flake 41 55 96 L3 - Lost
TNT
L Cast Compo- 65 83 148 Ll - Lost
sition B
5 Cast Compo- 54 83 137 39 Tholll 4,700
sition B
6 Cast Compo- 59 126 185 32 - Lost
sition B
7 Cast 75/25 58 54, 12 52 8.4 4,820
Cyclotol :
8 Cast 75/25 8l 130 214 39 5512 5,310
Cyclotol
9 Cast 75/25 61 104 165 37 6.0 5,100
Cyclotol
Avg.  Pressed Flake 35 51 g6 41 11.8 3,830
TNT
Avg. Cast Compo- 59 97 156 38 Tl 4,700
sition B . ’
Avg.  Cast 75/25 68 96 164 41 645 5,080
Cyclotol

#Panel Radius--30 feet
##Dist, to sereen-14.8 ft.
v
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Round

TABLE 1 (Continued)

Fragment Weight Distributionit

l-25
Grains

25 - 50

Grains
Number Wt. (Gr) Number Wt. (Gr) Number Wt. (Gr) Number Wt. (Gr) Number

50 ~ 75

Grains

b

2
7
4
-]
6
7
8
9

Avg.
Avg.,

Avg.

Less Than 1
Grain

2 5 247
ool 5 L96
0 0 473
8 14 L61
0.5 i 588
b5 16 S13
3.5 5 519
0 0 LT
15.5 33 520
2 $3 .h05
5 303 521
6 12,7 495

41
Th
63
Th
108
87
9
92
110
59.3
89.7
99.7

292
184
160
149

255
68

164
212
135

pi

8 0
2 5l
k 0
I 0
0 0
8 66
2 0
0 0
5 192
95 17
I 22
2,3 bk

0
1

0

'_l

w o O

0a3

#Fragments recovered in 10 Celotex boxes in a semicircle of 14.8-ft.
No fragments recovered above 750 grains.

radius,

AL
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TABLE 1 (eontinued)

Fragment Weight Distribution*

75 - 150 150-750 Total Frags. Collected Avg. Frag.
Round Grains Grains Above 1 Grain Wt . -Above
Number Wt. (Gr) Number Wt. (Gr) Number Wt, (Gr) Number 1 @r.-(Gr/Frag)
1 96 1 221 B 856 51 16.8
2 0 0 0 0 sl 80 9.1
3 80 1 154 B 867 a9 12,6
I 116 1 o]t 0] 726 79 Dl
5 0 0 0 0] 588 108 Sch4
6 307 3 0 0 1141 99 11,5
7 0 0 0 0 587 ) 5.9
8 0 0 0 0 LLT7 92 4o8
9 104 i 0 0 980 119 e
Avg. 59 0.7 125 0.7 818 67 12,8
Avg, 141 13 0 0 818 95 8
Avg, 35 0.3 0 0 671 103 6.3

#Fragment.s recovered in 10 Celotex Boxes in a semicircle of 14.8-ft radius,
No fragments recovered above 750 grains
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TYPE II SPEGIAL
BLASTING CAP

FUZE M52 A2BI MODIFIED FOR STATIC
FIRING

Fig 4 Fuze M52A2B1 Modified for Static Firing
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